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Abstract

Context: Mobile health (mHealth) applications are increasingly adopted for
chronic disease management, yet people living with chronic diseases continue
to face challenges related to accessibility, inclusivity, usability, and sustained
engagement with these applications. Although contemporary requirements
engineering (RE) practices can accommodate changing requirements, chronic
disease mHealth introduces domain-specific challenges related to clinical con-
text, caregiver involvement, trust, and long-term use.
Objective: This study introduces ChroniUXMag, a framework for eliciting
and analysing inclusivity requirements in mHealth design. Building on Inclu-
siveMag and GenderMag principles, the framework aims to help researchers
and practitioners systematically capture and evaluate factors that influence
how individuals with chronic conditions perceive, trust, and interact with
mHealth systems.
Method: ChroniUXMag was developed using the Scope and Derive stages of
InclusiveMag as a meta-methodological guide, while the underlying evidence
was generated through a systematic literature review, focus groups, inter-
views, and an online survey. In the first stage, candidate inclusivity facets
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were identified from literature and empirical data. In the second stage, these
facets were organised into personas representing diverse health situations,
attitudes, and digital practices, and integrated into an adapted cognitive
walkthrough form.
Results: The qualitative analysis generated thirteen categories, which were
consolidated into six ChroniUXMag facets: health situation, health attitude,
cultural differences, level of dependency, trust in mHealth apps, and users’
involvement with the app. These facets support structured, persona-driven
evaluations that reveal inclusivity barriers often missed by traditional usabil-
ity assessments.
Conclusion: ChroniUXMag contributes to RE research by providing an
empirically grounded, facet-driven framework and persona-based artefacts
for representing inclusivity concerns during requirements elicitation and early
analysis. Its utility in professional RE practice remains to be evaluated
with practitioners. Future work will extend the third stage (Apply) through
practitioner-led evaluation in real-world design contexts.

Keywords: accessibility, personalisation, mHealth, personas, requirements
engineering, chronic disease

1. Introduction

Chronic diseases, including diabetes, hypertension, and cardiovascular
disease, are leading causes of death and disability worldwide [1]. The need
for continuous monitoring has driven the development of mobile health
(mHealth) applications (apps) that support chronic-disease self-management,
including medication adherence, symptom and health-status monitoring, and
lifestyle management [2, 3]. From a requirements engineering (RE) perspec-
tive, the central challenge is to elicit, analyse, and validate requirements for
people whose capabilities, health conditions, care arrangements, and sup-
port needs differ and change over time. Although mHealth apps can support
monitoring and self-management, they continue to present accessibility, in-
clusivity, usability, and sustained-engagement challenges [4, 5]. Accessibility
concerns whether people with varying capabilities can perceive and use a
system, whereas usability concerns whether they can complete tasks effec-
tively and efficiently. Inclusivity concerns whether heterogeneous users and
contexts are represented in requirements work, while sustained engagement
concerns whether people can continue using the system over time.
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Although mHealth adoption has been studied in relation to health liter-
acy, age, and education [6], the requirements implications of chronic-disease
variability remain insufficiently articulated. Requirements must account for
changes within a person—including fluctuating symptoms, treatment bur-
den, and caregiver involvement—as well as differences between people in
trust, digital capability, and support context [7]. Addressing this variability
requires a structured way to elicit and analyse inclusivity-relevant require-
ments.

Existing digital-health work often remains clinical and treatment-centric
[3, 8, 9]. Consequently, socio-technical factors such as trust, privacy, cultural
attitudes, and changing cognitive, physical, and social contexts are not always
made explicit during requirements elicitation and analysis [10].

To address these challenges, our study adopts a facet-driven, persona-
based approach for making inclusivity-relevant requirements more explicit
in the mHealth domain. Inspired by prior inclusivity methods such as In-
clusiveMag [11] and GenderMag [12], as well as their extensions includ-
ing AgeMag [13], SESMag [14], and Elderly HealthMag [15], we developed
Chronic Disease User Experience Magnifier (ChroniUXMag). Existing Mag-
based approaches have successfully highlighted inclusivity concerns related
to demographic characteristics such as gender [12], age [13], and socioeco-
nomic background [16], and in some cases health conditions among older
adults [15]. However, their facets mainly emphasise relatively stable user at-
tributes rather than changes in health condition, dependency, and care con-
text over time. In contrast, chronic disease management introduces evolving,
condition-specific, and relational dimensions, including fluctuating health
status, caregiver involvement, long-term treatment adherence, and shifting
dependency levels. These gaps motivate the need for a framework that cap-
tures mHealth-specific inclusivity factors in a form usable for requirements
work. A persona-driven RE approach is appropriate in this context be-
cause chronic disease mHealth must represent diverse stakeholder situations,
make interdependencies between patients and caregivers explicit, and sup-
port reasoning about requirement trade-offs across different health trajecto-
ries. Rather than treating InclusiveMag as a standalone framework-synthesis
method, ChroniUXMag uses its meta-methodological logic to structure the
generation of a domain-specific inclusivity method. Specifically, the Scope
stage guided the identification of candidate inclusivity factors from literature
and empirical studies, and the Derive stage guided their organisation into per-
sonas and an adapted analytic process. The goal of this study is to identify
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and operationalise inclusivity-relevant facets that can better support require-
ments elicitation and analysis for chronic disease mHealth applications. We
therefore examine what factors shape inclusive requirements in chronic dis-
ease mHealth and how those factors can inform a practical framework for
requirements elicitation and analysis. This study is guided by the following
research question: which inclusivity-relevant factors should be represented
to better support requirements elicitation and analysis in chronic disease
mHealth?

By systematically linking empirical evidence to persona development and
evaluation protocols, this approach supports requirements specification with
a primary focus on inclusivity in chronic disease management. The key
contributions of this research are:

• Introducing ChroniUXMag, a framework for eliciting and analysing
inclusivity-relevant requirements in chronic disease mHealth.

• Defining a set of empirically grounded facets and personas that repre-
sent diverse health situations, support arrangements, and user contexts.

• Adapting a persona-driven cognitive walkthrough that embeds Chroni-
UXMag facets to identify both general usability issues and inclusivity
concerns in mHealth apps.

The paper is organised as follows. Section 2 summarises the related work.
Section 3 details the methodology we employed, Section 4 presents the results
of our user study and introduces the ChroniUXMag requirement framework.
Section 8 describes the threats to the validity of our results and Section 9
discusses the future work, Section 10 concludes the paper.

2. Background

2.1. Chronic disease and mHealth apps

The development of mHealth technologies that improve access to health
information and resources is important for addressing physical and social
inequities [17]. One persistent challenge is non-adherence—inconsistent ad-
herence to prescribed medication, self-monitoring, or lifestyle plans—which
is common in chronic-disease management and is particularly consequential
where access to ongoing care is constrained [18, 19]. From an RE perspec-
tive, non-adherence can be influenced by whether an app fits users’ capabil-
ities, contexts, and everyday practices. Inaccessible interfaces or inadequate
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contextual support can increase cognitive burden and undermine sustained
use. Flexible and personalised support is therefore needed as users’ circum-
stances evolve [20]. In this paper, accessibility denotes whether an mHealth
system can be perceived, understood, and operated by people with varying
physical, cognitive, and sensory capabilities; inclusivity denotes whether re-
quirements artefacts and practices represent heterogeneous health situations,
social contexts, and support arrangements; usability denotes the effectiveness
and efficiency of task completion; and sustained engagement denotes users’
willingness and ability to continue using the system over time. Existing solu-
tions nevertheless remain clinically focused or assume a single user [8, 9, 21].
Prior accessibility work has addressed disabilities [22, 23], visual impairments
[24, 25], and economic disadvantage [26], but these efforts do not systemati-
cally represent the broader socio-technical variability of chronic disease.

From a requirements perspective, this suggests that many mHealth sys-
tems are developed based on simplified or generalised user models, leading to
under-specified requirements regarding fluctuating health status, multimor-
bidity, caregiver involvement, trust expectations, and digital literacy. Mack
et al. [27] highlight the limited attention given to accessibility challenges
specific to chronic illness, indicating that the needs of chronically ill users
are rarely formalised as structured requirements concerns. Consequently, ac-
cessibility in chronic disease mHealth remains insufficiently integrated into
requirements elicitation, modelling, and validation processes. However, this
approach poses challenges due to the diverse and dynamic nature of users
with chronic diseases. Diversity refers to the wide variation between individ-
uals, including differences in disease type, symptom severity, comorbidities,
age, digital literacy, cultural background, and reliance on caregivers [7]. Dy-
namism, in contrast, refers to changes within the same individual over time
[28, 29]. As chronic conditions progress, stabilize, or fluctuate, patients’
functional abilities, cognitive load, treatment regimens, and support needs
evolve. Chronic diseases often coexist with other medical or psychological
disorders, leading to increased healthcare needs and greater diversity among
users [30, 29]. As a result, user requirements are neither uniform across
users nor stable over time, creating unique challenges for requirements elic-
itation, specification, and validation in mHealth systems. Importantly, this
work does not advocate a “one-app-for-all” solution; instead, it focuses on
inclusive requirements engineering practices that explicitly acknowledge and
manage user heterogeneity within realistic and bounded mHealth application
scopes.
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Chronic disease prevalence increases with age, and older adults therefore
constitute a substantial proportion of mHealth users. Ageing introduces ad-
ditional requirements considerations, including age-related changes in vision,
cognition, motor ability, and digital confidence [31, 32]. These findings align
with the Technology Acceptance Model (TAM) [33], which provides a the-
oretical foundation for understanding technology adoption by emphasising
the roles of usability, usefulness, and user attitudes. For older adults, ad-
ditional considerations—such as age-related cognitive decline, sensory lim-
itations, and lower digital literacy—must be factored into the design and
requirements elicitation processes [34, 35].

2.2. RE in digital health

Requirements Engineering (RE) research in digital health and other socio-
technical domains has increasingly emphasized the need to account for human
factors, stakeholder diversity, contextual use conditions, and domain-specific
constraints during system design [36]. Prior work highlights the importance
of human-centred RE approaches that explicitly consider stakeholder goals,
emotions, values, abilities, and everyday practices when eliciting and spec-
ifying requirements [37, 38, 39]. This line of work has also stressed that
requirements quality depends on how well elicitation methods capture the
perspectives of multiple stakeholders, including end users, clinicians, care-
givers, developers, and those affected by exclusion or accessibility barriers.
In the context of chronic disease management, these RE concerns are inten-
sified by the dynamic and diverse nature of users, care arrangements, and
use contexts, as well as by the partial, uncertain, and evolving character of
healthcare requirements [40]. Requirements must accommodate changes in
health conditions, treatment routines, and support needs over time, while also
addressing substantial variation across users in health status, digital literacy,
dependency on caregivers, and engagement with technology. These factors
introduce requirements concerns that extend beyond purely technical func-
tionality, requiring systematic consideration of evolving and heterogeneous
user needs during requirements elicitation and specification for mHealth sys-
tems. This includes accessibility-related concerns, inclusive participation of
different stakeholder groups, and the need to reason about requirements that
may vary across time, context, and capability. To effectively capture hetero-
geneous user needs, RE methods need stronger ways to represent variation
across users, contexts, and support arrangements. One promising direction is
the use of persona-driven approaches within broader human-centred RE prac-
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tice. Personas provide structured representations of user archetypes based on
demographic, behavioural, and contextual data, enabling designers to model
diverse needs and constraints in a tangible form [41, 42]. Their use in health
informatics has been shown to improve alignment between system function-
ality and real-world user practices [43, 44, 45].

Building on this foundation, RE research has also addressed inclusiv-
ity through human-centred, socio-technical, stakeholder-sensitive, and value-
aware approaches. For example, goal-oriented RE has been extended to
incorporate stakeholders’ emotions, motivations, vulnerabilities, and non-
functional concerns alongside functional goals [46, 47]. In parallel, value-based
and inclusive RE approaches advocate systematically eliciting and negotiat-
ing stakeholder values, cognitive abilities, accessibility needs, and potential
exclusion risks, so that requirements do not default to a narrow “average”
user [48, 49]. Other studies have highlighted the need for RE methods that
address heterogeneous and evolving requirements in complex domains such
as healthcare, where users differ widely in abilities, contexts, support needs,
and patterns of change over time [50]. However, this literature is less clear
about how such concerns should be represented in concrete artefacts for day-
to-day requirements elicitation and early analysis in chronic disease mHealth,
particularly when needs shift over time and are shared across patients and
caregivers.

Complementing this RE-focused work, several persona-based inclusivity
methods originating from HCI and UX research have influenced how in-
clusivity concerns are operationalized in software development. The Gen-
derMag method [12] employs personas encapsulating five facets of gender
differences to identify inclusivity barriers in software. Extending this idea,
InclusiveMag [11] generalizes the process into three steps—Scope, Derive,
and Apply—enabling the creation of new inclusivity methods that address
diverse dimensions such as cognitive abilities, age, vision, and socio-economic
background. InclusiveMag has been used to generate inclusivity methods for
smaller academic projects, including autism spectrum, age, and vision inclu-
sivity. Similarly, SocioEconomicMag [51] was introduced to help UX pro-
fessionals and developers account for variations in usage patterns associated
with different socio-economic statuses.

Together, this body of work suggests a more specific gap than our earlier
framing implied. Existing RE research has already established the impor-
tance of inclusive, human-centred, and stakeholder-sensitive requirements
practices, and persona-based methods have shown how inclusivity facets can
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be operationalized in software analysis. However, the intersection between
UX/HCI-oriented inclusivity methods and RE practice needs to be articu-
lated more explicitly. In this paper, we treat methods such as GenderMag
and InclusiveMag not simply as UX evaluation techniques, but as sources of
structured artefacts that can support RE activities. In particular, personas
can function as requirement-relevant representations of stakeholder diversity,
while walkthrough-based analyses can surface usability, accessibility, and
trust-related issues that should be translated into candidate requirements,
design constraints, and refinement decisions. Prior software engineering work
has similarly shown that user-centred techniques such as personas, scenar-
ios, and interaction models can contribute directly to requirements analysis
and design, and that accessibility-focused RE methods can be tailored for
specific user groups rather than treated only as downstream interface evalu-
ation concerns [52, 53]. From this perspective, ChroniUXMag contributes by
adapting a UX/HCI-inspired inclusivity approach into concrete artefacts for
requirements elicitation and early analysis in chronic disease mHealth, where
user needs are shaped by changing health status, caregiver involvement, and
long-term self-management contexts.

An adaptive user interface (AUI) changes its presentation, content, or
behaviour in response to user or contextual information. In chronic-disease
mHealth, this capability is relevant because user needs can vary across indi-
viduals and over time.

3. Method

Our study employed a multistage empirical methodology to identify and
refine user facets that inform inclusivity-focused requirements for mHealth
applications. The study design was informed by prior persona-based inclusiv-
ity work, particularly GenderMag [12] and InclusiveMag [11]. Importantly,
InclusiveMag is used here as a meta-method for generating a new inclusivity
method, not as a standalone framework-synthesis procedure. In this study,
its Scope and Derive stages served as conceptual guidance for identifying
and structuring inclusivity-relevant factors, while the actual empirical evi-
dence was generated through established methods: a systematic literature
review, focus groups, interviews, a survey, and socio-technical grounded the-
ory analysis. This meta-method has been used to formulate inclusive design
methods such as GenderMag [54], AgeMag [13], SESMag [14], and Elderly
HealthMag [15]. In this sense, InclusiveMag provided the methodological
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Figure 1: Research methodology and evidence sources: systematic literature review (48
primary studies), five focus groups, seven interviews, and an online survey. The review
informed scoping and instrument design.

scaffold, whereas the framework content was derived from empirical data
and literature evidence. The Apply stage of InclusiveMag, which concerns
implementation and tool-based evaluation, is left for future work (Figure 1).

3.1. Scope: Defining Context and Population

We began with a Systematic Literature Review (SLR) of adaptive user
interfaces in systems targeting chronic disease management [55]. The review
followed established SLR guidelines and covered publications across soft-
ware engineering, human–computer interaction, and digital health venues.
Searches were conducted in major digital libraries (including ACM Digital
Library, IEEExplore, Springer link, ScienceDirect, Scopus and Medline) us-
ing combinations of terms related to adaptive user interfaces, mHealth, and
chronic disease. The SLR identified and synthesized prior work on adapta-
tion triggers, user modeling strategies, system-level adaptation mechanisms,
and evaluation approaches in chronic disease–oriented systems. In total, the
review included 48 primary studies after applying predefined inclusion and
exclusion criteria (See Figure 2). Studies were required to (1) explicitly de-
scribe an adaptation mechanism or user modeling approach, (2) target users
with chronic conditions, and (3) be published in English in established venues
within software engineering, human–computer interaction, or digital health.
We excluded studies that focused solely on clinical decision support, medical
devices without user-facing interfaces, or non-adaptive static interfaces. Pa-
pers addressing acute or short-term conditions, conceptual position papers
without empirical or technical grounding, and non–peer-reviewed literature
(e.g., posters, abstracts, theses) were also excluded.
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Figure 2: Stages of SLR process [55]

While the review did not explicitly address accessibility or inclusivity,
its findings informed the scoping of candidate user-related facets and the
design of our empirical instruments. Consistent with InclusiveMag’s Scope
stage, the purpose of this review was to help delimit the design space and
identify candidate inclusivity-relevant factors, rather than to synthesize the
ChroniUXMag framework on its own. To ground these insights in lived
experiences and inclusivity concerns, we subsequently conducted qualitative
and quantitative studies with individuals managing chronic conditions. In
this study, inclusivity considerations emerge from empirical user data rather
than directly from the SLR.

(a) Easy-to-understand language (b) Text-to-image conversion (c) Interface elements rearrangement

Figure 3: Examples of content adaptation in the adaptive user interface (AUI) prototype.
Details of the prototype can be found in [56].

Qualitative studies. The focus groups and interviews used a com-
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mon core protocol1, adapted to group and one-to-one settings. The pro-
tocol comprised two sections. First, we gathered demographic information
about participants’ chronic diseases and mHealth app use through Qualtrics.
Second, participants discussed adaptations presented in an AUI prototype.
The prototype demonstrated presentation adaptation (e.g., layout or visual-
emphasis changes), content adaptation (e.g., tailored information), and be-
haviour adaptation (e.g., adaptive workflows), as identified in our systematic
literature review [55]. Figure 3 shows content-adaptation examples. Partici-
pants watched a video with audio explanations and then interacted with the
prototype; instructional slides and researcher support facilitated the activity.

Before the main data collection, we conducted two method-specific pilots.
Here, “main data collection” denotes the five focus groups and seven inter-
views whose data were included in the analysis. The focus-group pilot was
conducted via Zoom with three participants who had different chronic con-
ditions and prior mHealth experience. Two researchers served as moderator
and facilitator. We used this pilot to refine prompt wording and sequencing,
remove redundancy, and improve facilitation. The interviews retained the
same core questions to support comparison across the two qualitative meth-
ods, but a separate pilot interview with two participants was used to refine
pacing and probing for the one-to-one setting. Data from neither pilot were
included in the final analysis.

Theoretical sampling governed recruitment across both the focus groups
and interviews [57]. Eligibility initially required a diagnosed chronic dis-
ease and prior use of at least one self-management mHealth app. We then
refined recruitment in response to emerging concepts: the first iteration em-
phasised older adults, the second added younger adults to contrast life-stage
experiences, and the third used individual interviews to deepen and clarify
the categories emerging from the focus groups. Participants were recruited
through patient support groups, community health networks, online forums,
and personal and professional networks.

Chronologically, Iteration 1 comprised three focus groups with nine older
participants; Iteration 2 comprised two focus groups with six younger adults;
and Iteration 3 comprised seven semi-structured interviews. Thus, the qual-
itative sample totalled 22 participants. Each focus group contained three
participants and lasted approximately 60–70 minutes. Two researchers at-

1https://doi.org/10.5281/zenodo.19065215
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tended the first two focus groups, one moderating and one facilitating; the
other three focus groups were conducted by one researcher who combined
both roles. The interviews lasted approximately 40–60 minutes. All focus
groups and interviews were conducted remotely.

Sampling and analysis continued until no substantially new inclusivity-
relevant categories emerged. By the end of Iteration 2, the core categories
from Iteration 1 recurred, with variation primarily associated with life stage.
Iteration 3 provided methodological triangulation: individual interviews en-
abled participants to discuss personal topics without peer influence and al-
lowed us to clarify and deepen the focus-group findings [57, 58].

Quantitative studies. To examine patterns beyond the qualitative par-
ticipants, we conducted an online survey2 informed by our SLR [55]. The
expert-reviewed and pilot-tested instrument (n=5) covered demographics,
health status, mHealth use, and accessibility preferences, with examples to
clarify accessibility features. It was distributed through social media ad-
vertisements, hospital networks, and non-government organisations. Of 169
people who accessed the survey, 90 completed all required questions, giv-
ing a completion rate of 53% (90/169). We used binary logistic regres-
sion to explore associations between participant characteristics and binary
accessibility-preference outcomes while controlling for multiple demographic
and health factors. The analysis was exploratory, not predictive or causal.

Qualitative data analysis. We used the data analysis procedures of
Socio-Technical Grounded Theory (STGT) [57] to analyze the data from the
focus group and interview study. Using STGT for data analysis, we adopted
a holistic approach to data analysis, recognizing the complex and intercon-
nected nature of the socio-technical phenomena under investigation. In this
study, socio-technical phenomena refer to situations where users’ health con-
ditions, behaviors, attitudes, and social contexts interact with technical sys-
tem features such as data collection, interface adaptations, and personaliza-
tion mechanisms. STGT has been applied in several studies in SE and RE
to uncover socio-technical aspects, for example in understanding the role [59]
and manifestation [60] of empathy in SE and the influence of motivation [61]
and personality [62] in RE. For example, a user’s fluctuating health status
or dependency on caregivers directly shapes how they perceive, trust, and
engage with mHealth apps, while system design decisions influence users’ be-

2https://doi.org/10.5281/zenodo.19065561
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Figure 4: Examples of STGT analysis applied to qualitative data.

haviors and expectations. STGT is therefore well suited to capturing these
reciprocal relationships between human factors and technical design elements
in the context of adaptive mHealth systems. The participants consented to
audio transcription and the data were stored and analysed with NVivo. The
first author analyzed the qualitative data and shared it with coauthors for
collaborative discussion at each stage. Consistent with InclusiveMag’s Derive
stage, the resulting concepts and categories were subsequently organised into
higher-level facets and translated into ChroniUXMag artefacts. An example
of a process for applying STGT for data analysis is provided below, also
illustrated the process in the Figure 4 as well.

1. Open Coding and Constant Comparison: We analysed the audio
transcripts and extracted various codes from the raw data. We provide
one example below.
Raw Quote 1: “I always check my health data and set reminders in my
app because I like to stay on top of things. It helps me keep track of my
progress.”
Code 1: some users engage with tracking and monitoring features.
Raw Quote 2:“I don’t really use the app unless I feel something is wrong.
I just want quick info when I need it, not all the extra stuff.”
Code 2: some users engage only when necessary and prefer minimal in-
teractions.

2. Constant Comparison and Concepts: Following open coding, we
applied constant comparison to examine relationships among codes both
within and across data sources. Constant comparison involves contin-
uously comparing newly identified codes with existing ones to uncover
recurring patterns and meaningful distinctions in the data [57]. For ex-
ample, the two codes presented above (Code 1 and Code 2) were repeat-

13



edly compared with each other and with related codes emerging from
other transcripts. Through this process, we observed that both codes
reflected differences in how users approach and engage with mHealth
applications. Based on this shared pattern, we synthesized these codes
into a higher-level Concept: Users interact with mHealth applications in
fundamentally different ways. We applied the same constant comparison
process to the remaining codes, iteratively refining and contrasting them
to identify additional concepts.

3. Development of Key Categories: Drawing insights from the memos
generated during the coding process and the codes and concepts iden-
tified, the given example illustrates the Category: Attitude towards
health, which captures how varying motivation levels and health aware-
ness shape users’ expectations of, and interactions with, Health systems.
Memoing played a central role throughout the analysis by enabling re-
flective reasoning about emerging concepts and their relationships, as
recommended in STGT[57]. Memos were written iteratively during and
after coding to document analytical insights, explore tentative inter-
pretations, and trace how individual observations connected to broader
socio-technical phenomena. An example memo illustrating this process
is shown below.

� Memo for Users interact with mHealth apps in different
ways. Participants using a proactive health strategy frequently en-
gage with mHealth apps, utilising tracking and goal-setting features
for control. Conversely, those with a reactive approach use apps
mainly during symptoms or concerns, seeking quick access to essential
information over customisation. These interaction styles are deeply
rooted in health attitudes, which shape how users perceive and inte-
grate mHealth applications into their daily routines. Proactive health
individuals use technology for prevention and empowerment, adopt-
ing digital health solutions readily. Reactive health individuals con-
sider mHealth tools as problem-solving aids, using them only when
needed.

Quantitative data analysis. Survey data were analysed using SPSS
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Statistics3, conducted Chi-square tests to explore associations between de-
mographic factors with other categorical variables, and developed logistic
regression models to examine significant findings. If a significant associa-
tion is found, binary logistic regression or multinomial logistic regression will
be subsequently employed to model the relationship between these variables.
Understanding how these demographic factors influence user preferences pro-
vides valuable insights into tailoring AUIs to accommodate diverse user needs
and preferences. The common significance level of α = 0.05 is chosen for sta-
tistical analysis.

3.2. Derive: Facets, Personas, and Adapted Analytic Process

To systematically elicit user requirements for mHealth apps that target
people with chronic diseases, we referenced the persona taxonomy intro-
duced by Karolita et al. [63], which categorizes human characteristics (known
as persona attributes in the study) into internal and external layers. This
taxonomy provides a structured framework for capturing diverse user require-
ments and can be adapted based on the domain of the app (e.g., healthcare,
assistive technologies, education). The facets, derived by the first and second
authors4, are outlined in the process described below.

a. Identifying first-order categories. We applied STGT to elicit fac-
tors that influence users’ experiences of mHealth adaptation. The analy-
sis produced 13 first-order categories: mHealth user experience, mHealth
app usage pattern, health conditions (multimorbidity), user involvement
in the app, cultural differences, caregiver’s role, digital literacy, cognitive
load, accessibility needs, motivation and engagement, privacy sensitivi-
ties, age, and attitude towards health. These categories are intermediate
analytic concepts, not the final ChroniUXMag facets.

b. Mapping categories to persona attributes. We mapped the cat-
egories to the health-domain persona taxonomy. Conceptually related
categories were grouped; for example, health conditions, cognitive load,
and accessibility needs contributed to the health-situation attribute. Age
and motivation/engagement remain standard fields in the persona tem-
plate rather than ChroniUXMag facets [64].

3https://www.ibm.com/spss
4This author has extensive experience in persona studies
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c. Abstracting categories into six facets. We consolidated the first-
order categories into six higher-level facets that constitute ChroniUX-
Mag: health situation, health attitude, cultural differences, level of de-
pendency, trust in mHealth apps, and users’ involvement with the app.
For example, health situation integrates health condition, cognitive load,
and accessibility needs. Section 6 defines the facets and their ranges.

d. Grounding the facets in user reviews. We used review analysis as an
exploratory check of whether real-world mHealth concerns corresponded
to the six facets, not as an evaluation of framework conformance. We se-
lected four diabetes-management apps based on high ratings, substantial
downloads, and free availability with optional purchases [22]. English-
language reviews were pre-processed with NLTK [65]; facet-related key-
word searches5 provided entry points for manual interpretation. We it-
eratively added relevant synonyms and removed ambiguous terms until
no substantially new facet-relevant terms emerged.

e. Specialising the cognitive walkthrough. The personas are embed-
ded in a customised evaluation protocol based on GenderMag’s cognitive
walkthrough (CW) [12]. Evaluators simulate task steps and ask whether
the persona will know what to do, recognise the correct action, and per-
ceive progress [66]. The form explicitly prompts evaluators to ground
each judgement in the ChroniUXMag facets.

4. User Study Results

The user study combined qualitative (focus groups and interviews, n =
22) and quantitative (survey, n = 90) data to capture diverse perspectives
on mHealth use in chronic disease management. Participants varied in age,
nationality, digital experience, and health background, enabling exploration
of heterogeneous needs rather than representativeness of any single patient
population. We acknowledge that the sample is not statistically representa-
tive and exhibits imbalances (e.g., nationality and disease types). However,
the study was designed to support exploratory requirements analysis and
facet identification rather than population-level generalization.

5https://doi.org/10.5281/zenodo.14998546
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Table 1: Participants demographics information

Focus group and Interview study
(n=22)
Demographics Details
Age 18-34 (n=7), 35-54 (n=5), 55-74

(n=10),
Gender Females (n=15), Males (n=7)
Education
Level

With bachelor degree (n=17), Without
bachelor degree (n=5)

Nationalities Majority being Australian (n=10),
Others: Chinese, Indian, British, Fil-
ipino, Malaysian, American, and Tamil
(n=12)

Chronic Dis-
eases

Type 2 diabetes (n=12), Others: Hy-
pertension, Mental health conditions

Survey study (n=90)
Demographics Details
Age 18-34 (n=47), 35-54 (n=29), 55-74

(n=14)
Gender Females (n=38), Males (n=50), Prefer

not to say (n=2)
Education
Level

With bachelor degree (n=59), Without
bachelor degree(n=31)

Nationalities Majority being Australian (n=44),
Chinese (n=21), USA (n=12), UK
(n=6), Others:Nigeria, Canada, Korea,
Spain and Sri Lanka

Chronic Dis-
eases

Cardiometabolic diseases (n=47),
Immune-related (n=31), Mental health
condition (n=7), Respiratory (n=11) *

*This does not added up to 90, because some participants have multiple chronic diseases

Table 1 provides a breakdown of the characteristics of the user study par-
ticipants. Interview and focus group Participants have more females (n=15)
than males (n=7), ages 18-74, and various chronic diseases: type 2 diabetes
(n=12), rhinitis (n=2), chronic gastritis (n=1), epilepsy (n=1), hyperten-
sion (n=2), asthma (n=3), chronic depressive disorder (n=1), mental health
conditions (n=7). 10 participants have more than one type of chronic dis-
eases. All have used mHealth apps, with varying usage frequency and session
durations. 17 participants hold university degrees, with 8 bachelor’s and 9
master’s. Participants are numbered according to their participation in the
study: [P1-P22].

In our survey, 56% of the survey participants identified themselves as
men. The largest age group was 25-34, accounting for 33% of participants,
followed by 21% aged 35-44 and 16% over 55. In terms of nationality, ap-
proximately half of the respondents identified as Australian, with Chinese
and U.S. nationals accounting for 23% and 13% of the sample, respectively.
Educationally, 44% hold a bachelor’s degree, 34% have less than a bachelor’s,
and 21% possess master’s or doctorate degrees. We categorized participants’
chronic health conditions into cardiometabolic, respiratory, immune-related,
and mental health. Cardiometabolic diseases were the most common, af-
fecting 52% of participants. Notably, 24 participants reported living with
multiple chronic diseases, either within the same category or across differ-
ent categories, highlighting the prevalence of multimorbidity in the study
population.
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5. Derivation of the ChroniUXMag Requirements Framework

Based on the qualitative analysis of data collected from focus groups
and semi-structured interviews, we identified a set of categories that shape
how users engage with mHealth apps for chronic disease management. We
consolidate these insights into ChroniUXMag.

5.1. Six ChroniUXMag Facets

Facet 1: Health Situation. Across our empirical investigations, multimor-
bidity was commonly reported among participants. In the focus group and
interview study, 10 out of 22 participants reported living with two or more
concurrent chronic diseases, often involving combinations such as diabetes
and hypertension. Similarly, in the survey study, 24 out of 90 respondents
reported multiple chronic conditions. These findings highlight the prevalence
of overlapping health needs among mHealth users.

Our survey analysis further indicated that different chronic diseases were
associated with variations in accessibility preferences. Examples of the ac-
cessibility features discussed in this study are illustrated in Figure 3. Partic-
ipants with cardiometabolic diseases showed stronger preferences for a wider
range of accessibility features compared to participants with other types of
chronic conditions, suggesting that their health management routines may
require greater flexibility and personalisation (see Table 2).

Table 2: Binary logistic regression results of the accessibility preference and demographic
aspects ( )

Variables Categories CC* AD* DP* MI*

Nationality**

UK 0.066/(0.16) 0.825/(0.843) 0.889/(0.908) 0.133/(0.095)

USA 0.276/(0.107) 0.299/(0.178) 1.504/(0.567) 0.346/(0.193)

China 0.125/(0.003) 0.215/(0.025) 1.179/(0.796) 1.081/(0.896)

Other 0.783/(0.803) 0.341/(0.264) 1.2/(0.845) 0.533/(0.492)

Chronic
diseases

Mental health 4.173/(0.033) 0.358/(0.093) 2.126/(0.181) 0.661/(0.475)

Cardiometabolic 12.215/(0.013) 8.093/(0.029) 11.264/(0.006) 1.782/(0.471)

Immune-related 0.536/(0.554) 3.823/(0.168) 2.293/(0.339) 1.463/(0.664)

This table presents the results of binary logistic regression analyses examining how demographic factors influence user
preferences for accessibility-related features in mHealth applications.

• Each cell shows the odds ratio (OR) for preference likelihood and the p-value for statistical significance.

• An OR > 1 indicates higher preference, OR < 1 indicates lower preference, and p ≤ 0.05 means statistical significance.

* CC=Content complexity, AD=Add on functions, DP=Different persuasive strategy, MI=Multimodal interaction ** Aus-
tralia was used as the reference category for nationality

Interview and focus group data provided additional insight into how
health conditions shape interaction preferences. Participants experiencing
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more severe symptoms or managing multiple chronic diseases often preferred
simplicity and greater system assistance, highlighting the importance of pre-
dictable and stable interface behaviour. One participant explained, � “I
don’t want things changing all the time—I already have enough unpredictabil-
ity with my health.” [P4] Similarly, users with advanced age and complex
health conditions preferred adaptations that were limited to specific, easy-
to-understand parts of the interface to reduce cognitive load [P9, P19, P20].

In contrast, participants with milder or more stable conditions tended
to value flexibility and personalisation. For example, one participant noted
� “I’d rather have the app adjust to my routine rather than forcing me to
use features I don’t need.” [P7] Another participant experiencing fluctuat-
ing symptoms highlighted the need for dynamic system behaviour, stating
� “Some days, I need more reminders and tracking, but on good days, I don’t
want the app to overwhelm me with notifications.” [P9]

To interpret these patterns, we draw on prior research suggesting that
chronic disease management often involves fluctuating symptoms and vary-
ing levels of daily functioning [29, 67]. Such variability can influence how
users interact with digital health technologies and the level of assistance
they expect from them. Users managing more complex or unpredictable
health situations may prioritise stability, simplicity, and system guidance,
whereas users with more stable conditions may prefer greater flexibility and
personal control. These findings suggest that diverse health situations sig-
nificantly shape the goals users seek to achieve with mHealth applications
and highlight the need for adaptable interface designs that can accommodate
changing health conditions over time.

Facet 2: Health Attitude. Our survey results indicate that participants with
higher levels of education had significantly higher odds of preferring motiva-
tional data use in mHealth applications (Bachelor: OR = 7.835, p = 0.006;
Postgraduate: OR = 6.798, p = 0.035; Table 3). Interview data further sug-
gest that these participants often viewed adaptive features and personalised
insights as helpful tools for supporting their health goals. For example, one
participant emphasised the value of feedback derived from behavioural pat-
terns, stating � “I like when the app gives me insights based on my habits—it
helps me stay on track with my health goals.” [P10] Another participant high-
lighted how adaptive features can reinforce engagement, explaining � “If the
app adjusts to my progress and suggests new challenges, it keeps me engaged
and pushes me to do better.” [P20]
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In contrast, some participants demonstrated a more reactive attitude to-
wards health management. These users tended to interact with mHealth ap-
plications primarily in response to symptoms or immediate concerns rather
than as tools for continuous self-management. For instance, one participant
expressed scepticism about the value of adaptation features, stating � “The
adaptation itself doesn’t automatically make the app more useful. It is really
about whether it matches my own motivation to use the app. Just trying to
make me like the app more or use it more doesn’t really help.” [P4] Partic-
ipants with this reactive attitude often reported tolerating certain system
limitations as long as the app provided essential support when needed.

To interpret these patterns, we draw on the concept of health attitude,
which refers to individuals’ awareness of and willingness to actively engage
in behaviours that support their health and well-being [68, 69]. Prior re-
search suggests that individuals with higher levels of education often demon-
strate greater health literacy and awareness of the potential benefits of digital
health technologies [70]. Such users may therefore be more receptive to per-
sonalised recommendations and adaptive feedback, perceiving these features
as useful tools for supporting long-term health management. Conversely,
individuals with a more reactive health attitude may engage with mHealth
applications primarily when problems arise, which can reduce their perceived
value of proactive features such as behavioural insights or adaptive motiva-
tion mechanisms [71]. As previous studies have shown, higher levels of health
consciousness are associated with greater adoption of mHealth applications
and stronger intentions to continue using them [72].

Table 3: Binary logistic regression results of the data types and demographic aspects
( )

Variable Category Physiological
characteristics

Physical char-
acteristics

Preference Feedback Goals Motivation

Nationality

UK 0.093/(0.053) 0.042/(0.019) 0.047/(0.018) 1.618/(0.633) 0.222/(0.899) 0.727/(0.767)

USA 0.121/(0.009) 0.032/(0.002) 0.138/(0.018) 0.205/(0.07) 0.11/(0.015) 0.168/(0.052)

China 0.303/(0.066) 0.485/(0.283) 0.127/(0.003) 0.216/(0.016) 0.129/(0.005) 0.048/(< 0.001)

other 0.224/(0.092) 0.736/(0.747) 0.624/(0.647) 0.565/(0.512) 0.238/(0.122) 0.101/(0.057)

Education
level

Bachelor 1.023/(0.97) 1.09/(0.896) 0.952/(0.937) 1.428/(0.544) 1.1/(0.881) 7.835/(0.006)

Postgraduate 2.116/(0.355) 1.568/(0.602) 1.71/(0.513) 1.511/(0.569) 1.634/(0.52) 6.798/(0.035)

This table presents the results of binary logistic regression analyses examining how demographic factors influence preferences for
how mHealth applications handle and make use of personal health data.

• Each cell shows the odds ratio (OR) for preference likelihood and the p-value for statistical significance.

• An OR > 1 indicates higher preference, OR < 1 indicates lower preference, and p ≤ 0.05 means statistical significance.

* Odds Ratios/(P-value)
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Facet 3: Cultural Differences. The analysis provided preliminary evidence
that cultural background may be associated with variations in user prefer-
ences for accessibility-related features in mHealth applications. For example,
relative to the Australian reference group used in the regression model, partic-
ipants with Chinese nationality showed significantly lower odds of preferring
higher content complexity (OR = 0.125, p = 0.003) and add-on functions
(OR = 0.215, p = 0.025), suggesting that cultural background may influence
perceptions of how health information should be presented (Table 2). Partic-
ipants from the UK, USA, and China also showed differing patterns regarding
how applications use personal data, including physiological attributes, goals,
and motivation (Table 3). However, the small sample size of UK and USA
participants and the exploratory nature of the survey analysis mean that
these observations should be interpreted as preliminary rather than conclu-
sive (see Table 1).

To interpret these differences, we draw on Hofstede’s cultural dimensions
[73], which provide a widely used framework for understanding cross-cultural
variation in values and interaction preferences. Cultural context has been
shown to influence how users perceive, accept, or resist digital systems [74].
In the context of mHealth applications for chronic disease management, these
cultural differences may shape expectations about how health information is
presented, how decisions are supported, and how personal data are used. Two
cultural dimensions are particularly relevant for interpreting the observed
patterns:

• Individualism vs. Collectivism: This dimension reflects whether a society
prioritises individual autonomy or collective decision-making [73]. In indi-
vidualistic cultures, users may prefer greater personal control over health
information and app configurations, including personalised feedback and
independent data management. In contrast, users from more collectivist
cultural contexts may place greater value on features that facilitate shared
health management, such as communication with family members or in-
tegration with healthcare providers. These differences may help explain
variations observed in participants’ preferences for how mHealth apps use
personal data and support health decision-making.

• Long-Term vs. Short-Term Orientation: This dimension describes whether
a culture tends to emphasise long-term planning and sustained effort or
prioritises immediate outcomes [73]. In the context of chronic disease man-
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agement, long-term-oriented users may prefer features that support grad-
ual behavioural change, long-term tracking, and predictive health insights.
Conversely, users with a stronger short-term orientation may prioritise im-
mediate feedback, simplified summaries, or short-term goal tracking [75].
These differences may partly explain variations in preferences regarding
content complexity and how health information is structured within the
application.

Facet 4: Level of Dependency. Participants frequently described different
levels of reliance on mHealth applications when managing their chronic con-
ditions. Some participants demonstrated a high level of dependency on these
apps, relying on them as essential tools for daily health management. In
such situations, applications were expected to provide simplified functional
adaptations that reduce cognitive load and present clear and direct insights.
Caregivers often played a central role in configuring and personalising the
app to meet the patient’s needs. As one participant explained: � “My hus-
band has dementia... deciding what features he needs is a bit tough for him.
Adding more stuff for him to remember is just not doable. I might need to
help my husband set up things to suit his needs because I know what he needs
better than he does.” [P16]

Caregivers, who are familiar with patients’ needs and limitations, fre-
quently manage application settings on behalf of patients. However, incor-
porating family members into this process also introduced additional com-
plexity, as highlighted in the interview and focus group data. Several partic-
ipants described situations where they attempted to understand the accessi-
bility features configured for their parents, which sometimes diverged from
the parents’ own priorities [P8–P10, P16, P18–P20, P22]. For instance, one
participant responsible for remotely monitoring a technologically inexperi-
enced elderly mother highlighted potential risks, such as � “misinterpreting
data or making incorrect health decisions.” [P20]. Participants also described
interactions with healthcare providers, which created an additional layer
of dependency on medical expertise and specialised terminology. One partic-
ipant noted this challenge, stating: � “I often talk to doctors, and they use
medical terminology. Understanding it is important to have a meaningful dis-
cussion, but it can also be overwhelming. At the same time, I’m surrounded
by people who rely on complex medical phrases, so I have to find a balance.”
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[P18] Some mHealth applications, such as Health2Sync6 and LibreLinkUp7,
also incorporate caregivers directly into the chronic disease management pro-
cess.

At the same time, participants highlighted tensions between reliance on
caregivers and clinicians and concerns about privacy and data sharing.
For example, one participant emphasised that they would only share health
data if they clearly understood how the data would be used and retained
the ability to stop sharing it when needed [P17]. In contrast, other partic-
ipants demonstrated a lower level of dependency on mHealth applications.
These users described the apps primarily as tools for independent health
monitoring and self-management. They often sought features that support
autonomy, flexibility, and deeper personal insight. Several participants ex-
pressed a desire to better understand their health data by integrating multiple
data sources, which could help them derive insights and manage their health
goals more effectively [P12–P15, P20–P22].

These observations can be interpreted through prior work that distin-
guishes different levels of dependency among individuals managing chronic
conditions [76]. In ChroniUXMag, dependency refers to the extent to which
a user’s effective engagement with an mHealth application relies on support
from others or on app-mediated scaffolding. In our data, this facet spans
three closely related sub-dimensions: functional dependence (reliance on sim-
plified interactions or system guidance), caregiver-mediated dependence (re-
liance on family members or carers to configure, interpret, or use the app),
and clinician-mediated dependence (reliance on healthcare professionals to
explain terminology, interpret data, or support decision making). Users with
higher dependency may require simplified interactions and greater caregiver
involvement, while users with lower dependency may prioritise autonomy
and self-management capabilities. Furthermore, the progressive nature
of chronic diseases can alter these relationships over time [30]. As in-
dividuals gradually experience changes in independence, their reliance on
mHealth applications and accessibility features may evolve. This progression
highlights the importance of designing mHealth applications with flexibility
and scalability so that they can accommodate changing levels of dependency
throughout the course of disease management.

6https://www.health2sync.com/
7https://www.librelinkup.com/
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Facet 5: Trust in mHealth Apps. Participants frequently discussed trust
when reflecting on their experiences with mHealth apps and their accessibil-
ity features. In particular, trust appeared closely related to users’ familiarity
with digital technologies and their expectations of how effectively these apps
could support their needs. Participants who reported greater familiarity with
smartphones or health apps tended to express more confidence in exploring
and adjusting accessibility features. In contrast, less experienced users often
described uncertainty and hesitation when interacting with adaptive func-
tions. As one participant explained, � “I don’t know how these changes
happen, and that makes me uncomfortable. I’d rather keep things the way
they are.” [P19]. Several participants also indicated that they were comfort-
able with the app making adjustments, but only if they understood why the
changes were occurring [P17, P19, P20].

Interpreting these findings through the lens of trust helps explain these
patterns. In this study, we adopt Komiak and Benbasat’s definition of trust
as the rational belief that a trustee can be relied upon [77]. Trust plays an
important role in shaping users’ perceptions of technology and their willing-
ness to adopt or engage with digital systems [78]. Our findings suggest that
familiarity with technology may influence how users develop such trust in
mHealth apps. Prior research indicates that experience with digital systems
can shape users’ expectations of system behaviour and increase their confi-
dence in interacting with technological features [79]. Familiarity may also
reduce cognitive load when navigating interface options, making experienced
users more comfortable experimenting with accessibility settings. Conversely,
limited familiarity can create uncertainty about how features operate, which
may weaken trust and discourage exploration.

Our findings further suggest that transparency and user control are im-
portant mechanisms for fostering trust in adaptive mHealth systems. Par-
ticipants emphasised the need to understand why the system was making
changes, indicating that transparent explanations can reassure users that
the system operates in their best interests. Similarly, user control influenced
trust, as some individuals preferred the ability to review, override, or cus-
tomise system behaviour rather than relying entirely on automated processes.
Prior research also highlights the importance of both cognitive and emotional
trust in mobile technology adoption [80]. In the context of mHealth, trust
may be particularly critical for vulnerable groups, such as older adults or
individuals managing chronic conditions, who rely on these systems for on-
going health support [81, 82]. By incorporating clear explanations, flexible
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customisation options, and inclusive design practices, mHealth apps can bet-
ter support trust while accommodating diverse levels of digital experience
and accessibility needs.

Our findings further suggest that transparency and user control are im-
portant mechanisms for supporting inclusive interaction with mHealth sys-
tems by fostering user trust. Participants frequently emphasised the need
to understand why the system was making changes, indicating that trans-
parent explanations help users make sense of adaptive behaviour and reduce
uncertainty. Such transparency is particularly important for users with vary-
ing levels of digital literacy or health knowledge, as it allows them to better
interpret system actions and decide whether they are appropriate for their
needs. Similarly, user control was closely related to trust. Several partici-
pants expressed a preference for being able to review, override, or customise
system behaviour rather than relying entirely on automated processes. Pro-
viding such control enables users with different health conditions, levels of
technological experience, or personal preferences to tailor the system to their
own circumstances.

Prior research also highlights that both cognitive and emotional trust
play an important role in mobile technology adoption [80]. In the context of
mHealth applications, trust may be particularly critical for vulnerable popu-
lations, such as older adults or individuals managing chronic conditions, who
often depend on these systems for ongoing health support [81, 82]. By incor-
porating clear explanations of system behaviour and flexible options for user
control, mHealth applications can better support inclusive use while accom-
modating diverse levels of digital experience, health literacy, and accessibility
needs.

Facet 6: User’s Involvement with the App. In our interview and focus group
study, we identified two distinct modes of engagement with mHealth apps.
Some participants demonstrated passive involvement with the app. These
participants reported limited interaction with advanced features and little
interest in exploring the system’s capabilities. For example, some admit-
ted that they � “have not fully explored what the app can do”, while others
expressed � “a lack of concern about the system’s adaptation process”. Par-
ticipants in this group often indicated tolerance of automated behaviours and
a preference for minimal interaction with the app [P1–P3, P5, P9, P17, P19,
P21]. In contrast, other participants showed active involvement with the
app. These users described experimenting with different application features
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and adjusting data inputs to better understand how the system responds.
Their engagement was often motivated by a desire for greater transparency,
personalisation, and control over the app’s behaviour [P4, P6, P7, P8, P11,
P18].

These observations can be interpreted through prior research on user
involvement in intelligent systems. User involvement has been shown to in-
fluence the acceptance of intelligent technologies, as individuals who actively
engage with system features are more likely to develop an understanding of
how the system operates and how it supports their goals [83]. In the con-
text of mHealth apps, varying levels of involvement may therefore shape how
users perceive adaptive features, the degree of control they expect, and their
willingness to rely on automated system behaviours.

5.2. Exploratory Grounding of Key Facets in User Reviews

Four apps were selected for exploratory grounding of the ChroniUXMag
requirements framework. Details about the chosen apps are provided in Ta-
ble 4. A total of 2445 reviews were categorised to reflect the relevance of
the proposed facets. We partially adopt the approach by Sjøberg et al. [84]
to evaluate the theoretical foundations used to perform the preliminary as-
sessment against six facets of ChroniUXMag. Specifically, we applied the
parsimony criterion, which refers to the degree to which a theory is eco-
nomically constructed with a minimal number of concepts and propositions.

Table 4: Tagged reviews for different applications

# App Name Rate/ Downloads Tagged review
App 1 mySugr - Diabetes Tracker Log1 4.6/5M+ 1753
App 2 Gluroo: Diabetes Log Tracker 2 4.3/50k+ 124
App 3 Health2Sync - Diabetes Tracker3 4.6/1M+ 162
App 4 LibreLinkUp4 4.6/1M+ 32

2445(Sum)

1.https://www.mysugr.com/en/diabetes-app 2.https://gluroo.com/ 3. https://www.health2sync.com/4.https://www.librelinkup.com/

To support this grounding, we filter user reviews using keywords corre-
sponding to each facet, resulting in reviews being categorised into six groups
based on the ChroniUXMag facets. We then manually analysed the key-
words to determine whether all six facets were essential, in accordance with
the parsimony criterion. Our analysis revealed that all facets were presented
and discussed in user reviews, providing preliminary evidence of their rele-
vance, and the reviews also reflected the range of each facet. A summary of
the reviews for each facet can be found in Table 5.
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Facet 1: Health Situation. Within the health situation facet, users frequently
mention how their symptoms and disease management needs impact their
interaction with mHealth apps (15% of tagged reviews). The health situation
reflected in the user reviews varies widely, ranging from early diagnosis to
more advanced stages with multiple complications. For instance, one review
stated, � “This is an easy, and almost fun, way to track my blood sugar.
It’s even a way to track meals and insulin injections,” suggesting that the
user may be in the middle stage of diabetes and appreciates the app’s ability
to track diet and medication.

Facet 2: Health Attitude. Users in the tagged reviews generally exhibit a
positive health attitude, likely because those who leave reviews tend to be
frequent users who are actively engaged with their health management (24%
of reviews). One review mentioned � “This app is great, ideal for logging
levels quickly instead of a book and pen every meal time. The on-screen info
is a fantastic help. Makes me competitive against myself to beat my own
levels and improve them all the time.” This suggests that the user has a
high level of health awareness, is actively engaged with the app, and uses it
diligently to track and improve their health metrics.

Facet 3: Cultural Differences. Culturally related comments are relatively rare
in the reviews, accounting for only 6% of all tagged reviews. Focusing on En-
glish-language reviews might limit insights from culturally influenced health
preferences, but valuable patterns still emerge. One review stated, � “I’m
a newly diagnosed diabetic, so it’s kinda like having a personal cheerleader.
It is nice to have all your info at the palm of your hands.” This indicates
that the user may have a collectivist mindset, valuing community support
and encouragement throughout their health journey.

Facet 4: Level of Dependency. Dependency is a common theme in user re-
views, with 27% of tagged reviews discussing how mHealth apps help users
manage the health of their partners, parents, or children and aiding com-
munication with healthcare professionals. One review stated, � “My 9 year
old daughter is a T1D. She loves this app...Easily sent as a pdf to our Drs
at any time! ...I find the charts and stats extremely helpful especially hypo/
hyper average. DR said it would be better for them if highs and lows were
different colors instead of both being red...!”. This suggests that the user is a
caregiver for their child and also the primary user of the app, indicating that
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the child is fully dependent, while the parent utilises the app to monitor and
share health status with family members and healthcare providers.

Facet 5: Trust in mHealth Apps. For the trust facet, users are primarily
worried about privacy, especially the reasons and usage of data collection,
which make up 31% of review comments. One review stated, � “You have
to enter tons of information for the nonbinding process, I have no idea why
these data needed to be collected.” This suggests that the user has low trust
in the app, as it fails to meet their needs, leading to reluctance to continue
using it.

Facet 6: User’s Involvement with the App. Users show a very positive in-
volvement into use of the customisation functionalities, as reflected in 29%
of user reviews. Many reviewers actively explore the app’s customisation op-
tions and provide both positive and negative feedback on its flexibility. For
instance, one user praised the customisation aspect, stating, � “I love that I
can personalise the app, and the little green monster makes tracking fun—it
feels interactive and engaging!” Meanwhile, another user expressed frustra-
tion, saying, � “I wish I could modify or remove certain fields to better fit
my needs, but the app doesn’t allow it.” This all indicates that the user has
active involvement with the app, demonstrating a willingness to explore its
features and engage with its functionality.

Table 5: Summary of ChroniUXMag Facets in User Reviews

Facet # % of reviews 1 Example Keywords/Phrases 2

Health situation 372 15% ”symptom”, ”sugar spike”, ”fatigue”
Health attitude 583 24% ”aware”, ”behaviour”, ”engage”
Cultural differences 136 6% ”community”, ”personal”, ”language”
Level of dependency 667 27% ”caregiver”,”son”, ”daughter”
Trust in mHealth apps 749 31% ”privacy”, ”concern”, ”cautious”
User’s involvement with the
apps.

700 29% ”setup”, ”automatic”, ”customise”

Sum 2445
1. percentages represent occurrences rather than distinct review counts.

2. the full list of keywords available in the supplementary materials: https://doi.org/10.5281/zenodo.14715704

The alignment between recurring themes in user reviews and the Chro-
niUXMag facets indicates that these facets capture salient user concerns ex-
pressed in real-world mHealth usage. Rather than demonstrating the struc-
tural quality of the framework itself, this analysis provides preliminary em-
pirical support for the relevance and coverage of the identified facets as a
basis for reasoning about user adaptation needs in mHealth applications.
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6. ChroniUXMag Framework and Operationalisation

To make the framework explicit, Table 6 summarises the ChroniUXMag
facets and the facet ranges used in our analysis and artefact construction.

Table 6: ChroniUXMag legend

Facets Range About Example

Health situation Early stage Users experience mild or barely
noticeable symptoms, occasional
discomfort, and minimal disruption
in their daily routine.

Middle stage: Daniel is managing
high blood pressure, but his reluc-
tance to follow medical advice has
led to complications, including the
onset of kidney issues.

Middle stage Users experience progressive symp-
toms which cause limitations in
daily activities and require regular
medical intervention or support.

Severe stage Users experience complications
(multimorbidity), substantial
difficulty in carrying out daily
tasks, and often require full-time
care or support.

Health attitude Low awareness Users demonstrate limited inter-
est in health management, tend
to avoid tasks related to health,
possess a limited understanding
of their condition, lack motivation
to make changes, and engage only
when symptoms become unmanage-
able.

Moderate awareness: Daniel is
aware of his health challenges but
struggles to follow his doctor’s
recommendations, worsening his
hypertension.

Moderate awareness Users demonstrate a moderate
interest in managing their health,
sporadically participate in health-
related activities, and have a basic
grasp of their condition but may
not routinely act on it or prioritise
preventive measures.

High awareness Users demonstrate proactive en-
gagement in managing their health,
consistently performing health-
related tasks, with a thorough
understanding of their condition
and a commitment to long-term
well-being.

Cultural differences
Individualism vs.
collectivism

Individualistic cultures may pri-
oritise personalisation and user
autonomy, whereas collectivist cul-
tures emphasize community-focused
features, shared decision-making, or
caregiver involvement.

Collectivism: His children visit
him on weekends, and he regularly
spends time at the nearby RSL club
with fellow veterans. These visits
provide a chance to share stories
and discuss health-related topics,
including their experiences with
mHealth apps.

Long-term vs.
short-term orientation

Long-term-oriented users prefer apps
that help build good habits over
time and focus on future benefits,
while short-term-oriented users
enjoy apps that offer quick results,
instant rewards, and immediate
health improvements.

Continued on next page
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Table 6 (continued)

Facets Range About Example

Level of dependency Independent Independent users rely on mHealth
apps as supplementary tools and
require minimal external support,
prioritising features that support
autonomy, flexibility, and self-
directed use. This facet spans
functional, caregiver-mediated, and
clinician-mediated dependence.

Moderate dependence: As a new-
comer to mHealth apps, Daniel
has limited interest in exploring its
features. His skepticism and lack of
familiarity reduce his motivation to
engage actively.

Moderate dependence Users rely on caregivers for specific
health or daily tasks but man-
age others independently, using
mHealth apps as a shared resource
with caregiver support or simpli-
fied functionality to aid health
management.

Fully dependent Users rely on caregivers for most
daily and health-related tasks,
requiring them to share most or
all health information to support
informed decision-making.

Trust in mHealth apps Low trust Users have limited confidence
in mHealth apps, questioning
their ability to meet needs or
provide reliable support, leading
to hesitation or reluctance in
adoption.

Moderate trust: Initially skeptical
about mHealth apps, Daniel in-
stalled one after positive feedback
from friends at the RSL club.

Moderate trust Users have a cautious belief in
mHealth apps, recognising poten-
tial benefits but remaining unsure
about their reliability or effective-
ness in addressing all health-related
needs.

High trust Users have strong confidence in
mHealth apps, expecting them to
reliably support their health goals
and effectively address their needs,
which drives active engagement and
adoption.

Users’ involvement in
mHealth apps

Passive involvement Users engage with mHealth apps
in a limited or indirect manner,
relying on automated processes or
external inputs and demonstrating
minimal willingness to interact with
or actively control the system.

Passive involvement: As a new-
comer to mHealth apps, Daniel
has limited interest in exploring its
features. His skepticism and lack of
familiarity reduce his motivation to
engage with the app actively.

Active involvement Users take an active role in engag-
ing with mHealth apps, directly
interacting with and managing the
system, showing a strong willing-
ness to explore its features and
understand its functionality.

ChroniUXMag was synthesised by consolidating the qualitative categories
that emerged from our STGT analysis (focus groups and interviews) and tri-
angulating them with survey findings into a small set of higher-level facets.
To further examine whether these facets reflect issues articulated in real-
world mHealth use, we conducted an exploratory analysis of user reviews
from widely used diabetes management applications, treating the review
data as an additional grounding source rather than as a framework eval-
uation step. For each facet, we (i) defined its conceptual scope, (ii) specified
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representative ranges (i.e., plausible values/states observed or implied in the
data) that capture meaningful variation in chronic-disease mHealth use, and
(iii) documented indicative evidence (quotes, survey patterns, and/or review
themes) supporting the facet and its range endpoints.

The remainder of this section shows how these facets are turned into
reusable artefacts for requirements work: (1) personas that instantiate facet
combinations, and (2) an adapted cognitive walkthrough form that prompts
evaluators to explicitly ground their judgements in the facets.

6.1. ChroniUXMag Personas (Framework Artefact)

This section illustrates how ChroniUXMag facets are operationalised through
the construction of example personas. The purpose is not to evaluate per-
sonas as an outcome in themselves, but to demonstrate how empirically
derived facets can be translated into concrete, reusable artefacts that sup-
port requirements elicitation and analysis in mHealth contexts. The per-
sonas presented here serve as representative examples, showing how combi-
nations of ChroniUXMag facets capture heterogeneous user situations and
make inclusivity-relevant considerations explicit during downstream design
and evaluation activities. From an RE perspective, personas are useful not
merely as UX communication devices, but as lightweight artefacts for rep-
resenting stakeholder differences, exposing hidden assumptions about users,
and informing requirement refinement. Prior software engineering work has
shown that personas and related user-centred artefacts can support require-
ments analysis by helping teams reason about user needs, interaction con-
texts, and design trade-offs [85, 86, 87, 52]. In this way, ChroniUXMag
personas function as a bridge between UX/HCI insights and RE practice:
they translate qualitative and quantitative evidence about users into struc-
tured representations that can guide requirement discussions, prioritisation,
and validation.

ChroniUXMag defines facet ranges representing health situations and
stages in chronic disease management, which informed the creation of per-
sonas reflecting varied user needs and app interactions. Similar to Gender-
Mag [12], which employs personas to uncover cognitive barriers in software
use, our personas help identify variations in user needs and experiences within
mHealth apps. Our example personas, available in the supplementary mate-
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rials 8, provide practical insights. To ensure that personas effectively inform
the requirement elicitation process, the selected facets must accurately rep-
resent real-world user behaviours and acknowledge the interdependencies
between different factors [88]. For example, facets such as health situation,
level of dependency , and user involvement are interdependent, shaping the
extent to which users rely on caregivers for mHealth app engagement. Pa-
tients with moderate to severe chronic diseases often show passive involve-
ment , rely on caregivers for app interactions, and share most health-related
information, indicating full dependency.

To operationalise the ChroniUXMag framework, we developed a struc-
tured persona template (Figure 5) that integrates traditional persona ele-
ments with facets specific to chronic disease management and mHealth use.
The template begins with demographic and contextual details, such as age,
living situation, and occupation, along with motivations, goals, and pain
points that capture the reasons to engage with mHealth apps and the ob-
stacles users seek to overcome. It then incorporates six facets derived from
ChroniUXMag. By populating these elements, practitioners and researchers
can construct personas that reflect diverse user needs and experiences. These
personas can then be applied in design and evaluation activities. In this way,
the persona template serves as a practical tool for ensuring inclusivity and
accessibility are embedded into the design of mHealth apps.

6.2. Adapted Cognitive Walkthrough Form

This section describes how ChroniUXMag facets are embedded into a
specialised cognitive walkthrough to support inclusivity-focused evaluation of
mHealth applications. The walkthrough adaptation is presented as a method
for applying the framework in practice, rather than as a standalone evalua-
tion study. Through this process, we illustrate how persona facets system-
atically guide evaluators’ reasoning and help surface both general usability
issues and inclusivity-related concerns. ChroniUXMag specializes the cog-
nitive walkthrough by integrating personas that embody six facets. These
facets shape how users with chronic conditions perceive, interact with, and
place trust in mHealth applications. During the walkthrough, practitioners
adopt the perspective of a selected persona and work through the evaluation
template by answering structured questions (see Figure 6(A)). Each overall

8https://doi.org/10.5281/zenodo.17292487
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Figure 5: ChroniUXMag Persona Template

goal is decomposed into subgoals, which are further broken down into con-
crete actions (see Figure 6(B)). For every action step, evaluators consider
both the before-action and after-action perspectives. Specifically, they ask:
(a) Before action: Will know what to do?; (a) After action: If the persona
performs the action, will they recognise that it was correct and that progress
has been made toward their goal?; (b) Why?; and (c) Which, if any, of ’s
facets informed the answer to (b)? To support responses to question (c), the
template provides a structured list of the persona’s facets, enabling evalua-
tors to explicitly link their reasoning to facets (see Figure 6(C)).

Issues identified during the walkthrough are then classified as either gen-
eral usability issues or inclusivity issues tied to specific ChroniUXMag facets.
For example, a button labelled in overly technical language might create a
general usability problem for most users, whereas a small text size or un-
explained data-sharing prompt may disproportionately affect users with low
digital literacy, heightened privacy concerns, or dependency on caregiver sup-
port. By embedding ChroniUXMag facets into the cognitive walkthrough
process, our approach extends the method beyond traditional usability to
support early requirements analysis in chronic-disease mHealth applications.
In this paper, the walkthrough is not positioned only as a UX evaluation in-
strument; rather, it is used as a structured mechanism for revealing require-
ment gaps, hidden assumptions, and design constraints that may otherwise
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Figure 6: ChroniUXMag specialisation of a Cognitive Walkthrough form

remain implicit. Findings from the walkthrough can therefore be interpreted
in RE terms, for example as candidate inclusivity requirements, refinements
to existing requirements, or evidence that a proposed design does not ade-
quately satisfy the needs of particular stakeholder groups. This is the main
point of intersection between the UX/HCI origins of the method and its
contribution to RE.

7. Illustrative Use of ChroniUXMag

To illustrate the use of ChroniUXMag, we briefly report representative
issues from a ongoing course-based software engineering class where student
teams used ChroniUXMag personas and the walkthrough form to develop
and evaluate an mHealth solution. These walkthroughs were conducted as
part of a course assignment and are reported here for illustration rather than
as a formal evaluation. Using a ChroniUXMag persona and CW template,
evaluators identified several recurring issues that were not purely general
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Figure 7: Example prototype refinements informed by ChroniUXMag-guided cognitive
walkthrough, including improved icon contrast and enhanced attachment support in chat
functionality

usability problems but were explicitly linked to inclusivity facets. Using a
ChroniUXMag persona representing a user with reduced stamina and lower
tolerance for cognitive load, evaluators identified that insufficient visual con-
trast between feature icons and the background increased navigation effort,
particularly in light mode. This issue was not prioritized when using a gen-
eral, digital-native persona. The finding led to a prototype refinement that
increased icon contrast to improve visual clarity (See Figure 7). In a second
example, the walkthrough revealed that a non-functional attachment fea-
ture in a chat-based consultation tool prevented users from sharing images
or documents, a critical barrier for users with higher dependency on remote
care and caregiver-mediated interactions. This issue was explicitly linked
to ChroniUXMag facets related to dependency and trust, and subsequently
informed the redesign of the chat interface to support image and document
uploads (See Figure 7). These examples demonstrate how ChroniUXMag
helps evaluators surface inclusivity-specific concerns and translate them into
actionable design refinements, without requiring a full empirical evaluation
of the framework.

8. Threat to validity
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Construct Validity: Our methodology combines literature review, qual-
itative and quantitative studies, and persona-driven evaluation. While this
triangulation enhances robustness, several risks remain. Personas, while use-
ful for capturing diverse user profiles, are abstractions and cannot fully rep-
resent the complexity of chronic disease experiences. The development of
facets relied on researcher interpretation, which introduces subjectivity and
may oversimplify nuanced health and accessibility needs. To mitigate this,
personas were grounded in empirical data derived from qualitative analysis
using Socio-Technical Grounded Theory (STGT), with explicit memoing and
constant comparison used to trace how categories and facets emerged from
participant accounts. ChroniUXMag builds on existing persona-based inclu-
sivity approaches, particularly GenderMag and InclusiveMag. A potential
threat is that alternative RE-oriented frameworks could have been selected.
We chose these approaches because they provide a well-established, empiri-
cally grounded mechanism for operationalising inclusivity concerns through
personas and walkthrough-based evaluation, which aligns with our goal of
supporting requirements elicitation and early analysis rather than late-stage
accessibility compliance. Another threat arises from the heterogeneity of
chronic diseases represented in our participant pool, as the study did not
focus on a single condition but included participants with a wide range of
chronic diseases, including cardiometabolic, respiratory, immune-related, and
mental health conditions, often in combination. This heterogeneity may ob-
scure condition-specific requirements. However, this was a deliberate design
choice aligned with our research goal of identifying cross-cutting inclusivity
facets that recur across chronic disease contexts rather than disease-specific
clinical requirements. To mitigate this threat, we focused our analysis on
user-reported experiences, challenges, and perceptions related to mHealth us-
age, rather than clinical characteristics of individual diseases.In addition, the
framework assessment based on user reviews was preliminary. This analysis
was not a full evaluation of ChroniUXMag’s effectiveness as a requirements
engineering method, but an exploratory relevance check to see whether the
identified facets align with concerns expressed in real-world mHealth app
use. We explicitly limit our claims accordingly and position comprehensive
evaluation of the framework’s structuredness and practical utility as future
work.

Internal Validity: Internal validity concerns whether the observed find-
ings can be attributed to the study procedures rather than unintended bias or
methodological artefacts. The process of mapping qualitative insights into
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structured facets and then abstracting them into persona attributes intro-
duces potential bias. Although Socio-Technical Grounded Theory (STGT)
was applied systematically, researcher judgement played a role in coding
and memoing, which could affect objectivity. Survey data provided com-
plementary insights, but self-reported measures may be prone to recall or
social desirability bias. Finally, our customized cognitive walkthrough builds
on GenderMag’s method; however, its evaluation in this study was limited,
meaning that any observed inclusivity issues may be partially shaped by the
walkthrough structure itself.

External Validity: The empirical studies were conducted with a spe-
cific subset of participants (Table 1), largely drawn from support groups,
networks, and online forums. While these participants offered diverse per-
spectives, they may not represent the full demographic, cultural, and health-
condition spectrum of the broader chronic disease population. Although par-
ticipants were recruited from multiple countries, the sample exhibits asym-
metries in nationality and gender distribution, with a higher proportion of
participants from Australia and a gender imbalance. These factors may limit
the generalisability of findings to other populations or cultural contexts. We
mitigate this threat by reporting demographic distributions transparently
and by avoiding claims of universal applicability. Moreover, our case study
focused on four diabetes management applications, limiting the applicability
of the findings to other chronic conditions. Restricting user review analysis to
English-language reviews also risks omitting cultural and linguistic nuances
in how inclusivity challenges are expressed.

Conclusion Validity: Conclusion validity concerns the strength and
reliability of inferences drawn from the data. The survey analysis was con-
strained by sample size, particularly in subgroup comparisons, which may
reduce statistical power and limit confidence in observed trends. Similarly,
the exploratory user review analysis required interpretive mapping of un-
structured comments to ChroniUXMag facets, as reviews were not originally
written with these facets in mind. This introduces potential ambiguity in
linking user statements to specific inclusivity facets and limits the extent to
which causal relationships can be inferred between user characteristics and
identified mHealth challenges. Accordingly, we interpret quantitative pat-
terns conservatively and position review-based findings as indicative rather
than confirmatory.
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9. Future Work

This study introduced ChroniUXMag as a structured framework for cap-
turing inclusivity concerns in mHealth applications, grounded in empirical
data from individuals living with chronic conditions and informed by estab-
lished persona-based inclusivity methods such as InclusiveMag and Gender-
Mag. The present work focused on the Scope and Derive stages of Inclu-
siveMag, resulting in the identification and structuring of inclusivity-related
facets. The Apply stage, which concerns systematic use and evaluation in
design practice, remains a key direction for future research.

Future work will operationalise the Apply stage by examining how Chroni-
UXMag is used by practitioners in real-world and educational design settings.
Planned studies include workshops and design activities involving software
developers, UX designers, clinicians, and accessibility specialists. Partici-
pants will apply ChroniUXMag personas and the adapted cognitive walk-
through form to concrete mHealth scenarios, generating inclusivity-related
findings at the feature, workflow, and socio-technical levels.

These studies will enable evaluation of ChroniUXMag against explicit
criteria that address current validity limitations. In particular, we will ex-
amine (i) scalability, by assessing how the framework performs across dif-
ferent project sizes and chronic disease contexts; (ii) inter-rater reliabil-
ity, by analysing the consistency of inclusivity issues identified by differ-
ent evaluators using the same personas and walkthrough materials; and (iii)
practical usefulness, by investigating how the identified issues inform design
decisions and refinements. Longitudinal studies will further explore how
ChroniUXMag-informed requirements influence subsequent design iterations
over time.

By embedding ChroniUXMag into practitioner-led evaluation and design
processes, future work aims to provide a more rigorous assessment of its appli-
cability, limitations, and contribution to inclusive requirements engineering
for mHealth systems.

10. Conclusion

This paper introduced ChroniUXMag, a framework for eliciting and analysing
inclusivity requirements in mHealth applications for chronic disease manage-
ment. Informed by principles from InclusiveMag and GenderMag, Chroni-
UXMag currently encompasses two stages, Scope and Derive, through which
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literature-based insights and empirical evidence are synthesised to identify
facets that reflect the heterogeneous and evolving needs of people living with
chronic diseases. The findings demonstrate how these empirically grounded
facets enable systematic identification of both usability and inclusivity con-
cerns that are often overlooked in conventional evaluation approaches.

From a requirements engineering perspective, this work contributes a
structured, facet-driven and persona-based mechanism for embedding inclu-
sivity into requirements elicitation and early analysis. Although ChroniUX-
Mag is informed by UX/HCI methods such as InclusiveMag, GenderMag,
personas, and cognitive walkthroughs, its contribution in this paper is not
limited to interface evaluation. Rather, we show how these methods can
be repurposed as RE artefacts and analysis mechanisms: empirical user in-
sights are translated into personas and facets, and walkthrough findings are
interpreted as requirement-relevant evidence about usability barriers, accessi-
bility needs, trust concerns, and caregiver-mediated interactions. By making
these concerns explicit, analysable, and traceable, ChroniUXMag helps con-
nect UX/HCI-informed user understanding with core RE activities in chronic
disease mHealth. In doing so, this research advances the integration of in-
clusivity into RE practice, not as a downstream usability check, but as a
systematic component of requirements elicitation, analysis, and refinement.
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